We demonstrate the high quantum efficiency InAs/In 0.15 Ga 0.85 As dots-in-a-well (DWELL) quantum dot infrared photodetectors (QDIPs). A thin Al 0.3 Ga 0.7 As layer was inserted on top of the InAs quantum dots (QDs) to enhance the confinement of QD states in the DWELL structure. The better confinement of the electronic states increases the oscillation strength of the infrared absorption. The higher excited state energy also improves the escape probability of the photo-electrons. Compared with the conventional DWELL QDIP, the quantum efficiency and the detectivity of the confinement-enhanced DWELL (CE-DWELL) QDIP increase for more than 20 times and 10 times, respectively, at 77K.
Experiment

Results and Discussion
Sample structure of the CE-DWELL QDIP.
(a) Cross-sectional TEM image and (b) 1 x 1 μm 2 AFM image.
• The InAs QDs in the CE-DWELL QDIP was overgrown by 2.5 nm Al 0.3 GaAs and 4.5 nm In 0.15 GaAs layers, while that in the conventional DWELL QDIP was overgrown by 7 nm In 0.15 GaAs layer. Ten stacked QD layers were grown as the absorption media in both the two samples.
• The inserted Al 0.3 GaAs layer of the CE-DWELL QDIP was purposely grown thin enough to leave the tip of the InAs QD uncovered, as demonstrated by the TEM image. So this wide bandgap material primarily enhances the confinement in the lateral direction but not block the carrier transport in the vertical direction.
• The density of the QDs in the two samples is determined to bẽ 2.1x10 10 cm -2 by the AFM image, so a QD is in average supplied with 0.5 electron for infrared absorption by the delta-doping of Si.
Voltage-dependent peak responsivity of the two samples at 77K. High excitation density PL spectra of the two samples at 77K.
• Compared with the conventional DWELL QDIP, clear leverage of the PL transition energies is identified in the CE-DWELL QDIP, showing the enhanced confinement by the thin AlGaAs layer. Besides, shorter wavelength of bound-tobound intraband transition also agrees with the strong confinement in the CE-DWELL QDIP.
• In the whole bias range, the peak responsivity of the CE-DWELL QDIP is increased for more than one order due to the improved quantum confinement.
• The increase of responsivity is primarily attributed to the increase of quantum efficiency caused by enhanced oscillation strength and the elevated escape probability for the photo-excited electrons. Meanwhile, the current gain of the CE-DWELL QDIP is not deteriorated by the inserted AlGaAs layer with such a thin thickness.
Conclusion
• A modified DWELL structure is designed for QDIPs. A thin AlGaAs layer is inserted on top of InAs QDs as a confinement enhancing layer. This enhanced confinement effect greatly enhanced both the absorption quantum efficiency and the escape probability. At 77K, the maximum quantum efficiency was increased by about 25 times and the specific detectivity (D * ) was increased by about 10 times with a lower bias voltage. The highest detectivity measured for the CE-DWELL QDIP at 77K is 1 x 10 10 cm Hz 0.5 / W (at -0.9V).
Infrared response spectra of the two samples at 77K.
Voltage-dependent quantum efficiency (filled symbol) and current gain (opened symbol) of the two samples at 77K.
